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SEASONAL variations occur in the chemical composition of many brown seaweeds (Lapicque, 1919; Lunde, 1940; Dillon, 1943; Black, 1948), but 
no attempt has been made to correlate these variations with seasonal activities 
such as periods of active growth and reproduction. In Fucus vesiculosus the 
fertile regions of the thallus are sharply defined and form swollen recep~cles 
at the apices of lateral branches. Their development proceeds over a period of 
several months, and collections of thesefertile tips have been made at different 
developmental stages, to study the changes both in anatomical structure and 
in chemical composition which take place during receptacle development. 
Sterile tips were collected from the sanie plants at the same time as fertile tips, 
' This investigation formed part of a theais accepted for the Degree of Doctor of Philosophy 
in the Univeraity of London, 1948. 
[Annala ol Botany, N.S. VoJ. XIV, No. 1515, .July, 19150.] 
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Moss-Studies in the Genus Fucus. II 
so fhat any seasonal variations in the chemical constituents distinct from those 
connected with fruiting would become apparent. 
Vegetative plants of Fucus vesiculosus collected from contrasting habitats 
have been shown to exhibit differences in both anatomical development and 
chemical composition (Moss, 1948). The influence of environment is again 
considered in relation to anatomical development and chemical composition 
of receptacles from the same three habitats. These were selected on account 
of their varying degrees of exposure to wave action, which may result in 
further differences such as variations in mineral supply. 
Although early stages in the development of the conceptacles of Fucus 
vesiculosus have been studied (Bower, 188o; Roe, 1916; Nienburg, 1913), the 
structure and development of the receptacle as a whole has ·received little 
attention. 
DEVELOPMENT AND ANATOMICAL STRUCTURE OF A R.ECEPTACLE 
External morphology 
The receptacles of Fucus vesiculosus are bome at the apices of lateral 
branches, which have dichotomized at frequent intervals compared with the 
Ionger internades of the vegetative Ieaders (Knight, 1947). Extemally .the 
young receptacle is first apparent as a slight prolongation of the midrib from 
the thallus apex, with no development of the wings. Even in the mature 
receptacle the distinction between midrib and wings, which is so marked 
a featur~ of the vegetative thallus of Fucus vesiculosus, is not apparent. 
Apical growth 
During the very early stages of receptacle development a large apical cell 
lies at the base of the apical groove, similar tothat first described by Wood-
worth (r888) at the vegetative apex. As the receptacle enlarges and becomes 
3-4 mm. in length, the apical groove flattens out, and in the half-grown 
receptacle it is replaced by a convex tip. 
During flattening out of the apical groove the identity of the single !arge 
apical cell becomes obscured. The convex tip of a mature receptacle is occu-
pied by small compact cells surrounded by meristoderm. Mter the apical cell 
ceases to function, cillfuse growth takes place throughout the receptacular 
tissues, accompanied by the deposition of mucilage. This diffuse growth in 
the fertile tips is maintained only during gamete maturation, for as soon as 
the gametes have been liberated, necrosis of the receptacular tissues sets in. 
The meristoderm 
The meristoderm is a tissue of maximum importance in receptacle develop-
ment, for it is from this layer that ultimately the conceptacles are derived 
(Nienburg, 1913). In the young receptacle the cells of the meristoderm are 
brick-shaped with their longitudinal walls adjacent. Rapid surface growth 
accompanies enlargement of the receptacle, and the cells of the meristoderm 
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Moss-Studies in the Genus Fucus. II 397 
undergo repeated anticlinal divisions. When seen in surface view they appear 
associated in groups of two to eight cells, representing products of recent 
segmentations. In the very young receptacle periclinal divisions also take 
place in the meristoderm and the segmehts cut off towards the interior develop 
into the cortex of the mature receptacle (Fig. 1 ). By the time of gamete 
extrusion the meristoderm has lost its meristematic activity and the cells are 
A 
B 
c 
FIG. I. A and B. Development of cortex in receptacles of Fucus vesiculonu. A in young 
receptacle, B in mature receptacle. 
X approx. soo. c = cortex. 
m = meristoderm t = layer of thick-walled cells. 
c. Branching of medullary filament in receptacle of Fucus vesiculonu. X approx. soo. 
m.c. = mucilage sheath. 
isodiametric. This loss of meristematic activity may be associated with the 
decay of receptacles after gamete extrusion. 
The cortex 
During secondary differentiation of the vegetative thallus of Fucus vesicu-
losus, secondary cortex originates as a result of both radial and tangential 
divisions in the cells of the primary cortex. But in the mature receptacle no 
secondary cortex is formed. As active surface growth of the receptacle is 
taking place, the original cortical initials laid down near the apex enlarge and 
become pigmented. 
Behind the vegetative apex cortex grades into the central medulla, but in 
the receptacle there is a layer of thick.-walled cells sharply separating these two 
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.398 Moss-Studies in the Genus Fucus. 11 
tissues. These thick-walled cells are similar to those figured and described as 
'mechanischen Systems' in Himanthalia lorea (Wille, I9IO). Close to the apex 
cell-division in this layer is irregular, and a small-celled tissue with few inter-
cellular spaces is laid doWn. The thickening of the cell-walls is uneven, and 
gives an immediate blue reaction with iodirre and concentrated sulphuric acid, 
indicating the presence of cellulose. To keep pace with the rapid surface 
growth during receptacle enlargement, these thick-walled cells get stretched, 
especially in the longitudinal direction (Fig. I, c). Although they are differ-
entiated early in receptacle development, this layer of thick-walled cells is not 
continued into the thallus immediately beneath the_ receptacles. 
The central medulla 
In the very young receptacl~ where the apical groove is still present, there 
is equal deposition of mucilage with separation of the filaments throughout the 
medulla. Pr<>gre$Sive increase in the deposition of mucilage takes place from 
the outer medulla towards the centre, until the centre of a mature receptacle 
is occupied by mucilage traversed by a network of medullary cells. These 
remain in contact through simple pit connexions, similar to those developed 
in the vegetative part of the thallus. 
Even in young receptacles the medullary cells branch freely in all directions, 
while elsewhere in the vegetative thallus branching of medullary cells is rare. 
The branches arise as lateral outgrowths from the original medullary cells, 
and are often protected in a thick envelope of mucilage (Fig. I, c). Within the 
receptacle the medullary cell-walls remain thin, whereas in the older parts of 
the vegetative thallus they become extremely thick. 
Secondary hyphae 
In the vegetative apices hyphae have not been found closer to the apex than 
4 mm., whereas in the mature receptacles they are present at the extreme tip. 
They originate even from the small cells at the extreme tip, and grow hori-
zontally before they eventually turn down into the tissues of the receptacle. 
Elsewhere in the mature receptacle hyphae run in all directions through the 
intercellular mucilage, in cantrast with the sterile tips where hyphae are 
directed toward the attaching disc. At the base of mature receptacles hyphae, 
originating from the sterile tissues below, grow up into the fertile region. In 
old receptacles, after gamete extrusion, hyphae have also been seen growing 
out from cells comprising the conceptacle wall. Secondary hyphae probably 
develop in the receptacles of many species of the Fucales, but their presence 
seems to have been noted hitherto only by Wille {I910) in Himanthalia lorea 
and Laing (I94I) in Bifurcaria laevigata. 
COMPARISON OF RECEPTACLES FROM THREE CONTRASTING HABITATS 
Receptacle development proceeds over a period of several months. From 
each of the three localities, Cullipool (with strong exposure to wave action), 
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Moss-Studies in the Genus Fucus. II 399 
Loch Melfort (sheltered), and Aird's Point (moderate exposure), receptacles 
were at similar developmental stages when collections were made during the 
same month. 
In December the young receptacles which were collected for chemical 
analysis were up to 8 mm. in length and 3 ~. in breadth at the base, tapering 
to a convex tip. At this early stage they were surrounded by a very active 
meristoderm. As little intercellular mucilage had developed, a central strand 
of medullary cells was still present and few secondary hyphae had developed. 
In these young receptacles in December there was a gradation in conceptacle 
development 'from the base to the apex, the oldest conceptacles being d.i:ffer-
entiated at the base. These already contained numerous antheridia or oogonia. 
In the latter two to eight nuclei were visible, although none showed cleavage 
into distinct ova. At the same time, the conceptacles at the tips of these 
receptacles were very small and neither oogonial nor antheridial initials were 
visible. 
Mature receptacles were collected from each locality in J une, those from 
Cullipool (exposed habitat) being much larger than receptacles from either 
Loch Melfort or Aird's Point. In spite of d.i:fferences in size both the anatomi-
cal structure and developmental stage of antheridia and oogonia were similar 
from the contrasring habitats. In these mature receptacles the conceptacles 
were full of ripe gametes from the base to the extreme tip. Firm mucilage 
traversed by a network of medullary cells filled the centres of these receptacles, 
and secondary hyphae meandered in a11 directions. 
Two months later, in August, receptacles from alllocalities had shed most 
of their gametes. The conceptacles contained numerous exo-chitons, and 
sometimes a few young oogonia or antheridia along the base of the conceptacle 
wall. At this late stage most of the intercellular mucilage had been lost with 
gamete extrusion, and many of the receptacles had been damaged, probably 
by waves or browsing· animals. 
In vegetative parts of well-grown thalli it has been observed that cortical 
and hyphal development is most marked in plants from the open sea (Moss, 
I948). The mature receptacles, however, of plants from the open sea we-re 
ab out twice the size of those from the other two habitats but were remarkedly 
similar as to development of cortex and hyphae. But the receptacles are only 
temporary structures, disintegrating as soon as the garnetes have been dis-
charged, and this may account for the apparent Iack of formative response to 
contrasring environmental factors. 
CHEMICAL CoMPOSITION OF R.ECEPTACLES FROM THE SAME THREE HABITATS 
Collection of material 
The first collections were made between J une 3 and J une I 3, I 94 7, when 
receptacles were mature. A second series of collections was made between 
July 30 and August 3, I947, i.e. approximately 7-8 weeks later, when most of 
the gametes had been shed and the receptacles were beginning to disintegrate. 
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Moss-Studies in the Genus Fucus. II 
Between December 5 and I2, I947• a third series of collections was made, 
when new receptacles were at a very early stage of development. This latter 
series will be referred to as stage I in relation to receptacle development, 
while June samples represent stage II and August samples stage III in this 
developmental series. These numbers are used in the tables of analytical 
results. 
At each collection approximately IOO lb. of fruiting plants were gathered 
from each of the three localities. Fucus vesiculosus is dioecious and after the 
random collection, male and female plants were separated. Sampies were then 
cut from each thallus as shown in Fig. 2; samples from each sex being kept 
separate. Sampies c were taken only in June when the receptacles were 
mature. The small weight of December samples necessitated the mixing of 
both male and female receptacles from Aird's Point, and of sterile tips of male 
and female thalli from both Aird's Point and Cullipool. As the samples were 
cut off individually by hand, any tips with epithytic plant growths or attached 
Polyzoans were discarded. Also any receptacles on a thallus which were 
obviously much younger or older than the average selected for that particular 
sample were not included. 
The samples were dried on racks above a coke fumace at the Oban out-
station of the Scottish Seaweed Research Association, and afterwardS ground 
to a fine powder in a Christy and N oms No. 8 laboratory mill fitted with 
a h-inch perforated plate screen. It was calculated that in June approximately 
7,650 receptacles or 2,500 sterile tips were included in each sample, while in 
December some I I ,ooo receptacles were collected from each locality. The 
analytical methods used throughout are those developed by the Scottish 
Seaweed Research Association (Black, I948; Cameron, Ross, and Percival, 
I9{8). 
Data obtained from fertile plants collected at Aird's Point on June 3, I947• 
showed that there was an averagenurober of 47 sterile tips to I25 fertile tips 
per thallus. The average fresh weight of a thalluswas 87·5 g., of which the 
receptacles alone accounted for 49 g., i.e. more than half the total fresh weight 
of a fertile plant. This is of technical interest, for if harvesting of the weed for 
industrial purposes occurs during the reproductive period, then a greater 
' weight of unwanted water will be included in the freshly gathered plants. 
Percentage dry weight 
It is difficult to obtain an accurate estimation of the percentage dry weight 
of parts of a thallus of Fucus vesiculosus. Being an intertidal species, the plants 
~ naturally collected at low tide. At times of bright surt or drying wind their 
tips are often dry and crisp, and the older parts will also have lost a consider-
able amount of water through exposure to the atmosphere (cf. Pringsheim, 
I923; Isaac, I933; Zaneveld, 1937). In order to compensate for this loss, the 
material to be dried was previously soaked for 30 minutes in sea-water from 
the same locality as the plants. 
In Table I the results obtained from samples collected at Aird's Point 
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Moss-Studies in the Genus Fucus. 11 401 
(moderate exposure) are summarized. Material from both Loch Metfort 
( sheltered shore) and Cullipool ( open sea) gave similar values. 1 
TABU I 
Dry Weight (expressed as Percentage Fresh Weight) 
Stage I, Stage II, Stage 111, 
Dec. June. Aug. 
{ Receptacles 16·9 II"2 "9"9 
Male Below receptacles 
Sterile tips 2o·s 24"9 22"0 
{ Receptacles 16·9 n·8 8·8 
Fernale Below receptacles 27"3 
Sterile tips 2o·s 24"6 26·9 
From plants collected at the same time, the percentage dry weights of 
sterile tips from both male and female plants are similar. There is also a 
seasonal variation in the dry weights of sterile tips. In the observations re-
corded higher values were obtained in August than 
in June, and December, or September samples 
{Moss, 1948). Walker {1948) has shown that 
whole thalli of Fucus vesiculosus give quite differ-
ent results, the percentage dry weights being 
low during the summer months. A probable 
explanation of this is put forward later. 
Receptacles of both sexes at similar develop-
mental stages have similar dry weights. Even 
at a very early developmental stage the water 
content of receptacles is higher than in sterile 
tips of the same thalli graph I, Fig. 3· As the 
intercellular mucilage increases with maturation 
of the gametes, so does the water content in-
crease. After the gametes are shed, most of the 
intercellular mucilage has been lost too, but 
the interior of the receptacles becomes filled wi.th 
water so that low percentage dry weights were 
still obtained for receptacles collected in August. 
The increase in the uptake of water accom-
FIG. 2. Diagram showing 
samples of F. vesiculonu col-
lected for chemical analysis. 
A = Receptacles. 
B = Sterile tips (approximately 
I-Il inches long). 
c = Thallus below receptacles 
(approximately I-Il inches 
long). · 
panying maturation of the reproductive organs is localized in the receptacle 
itsetf, for when a low value of 12·3 per cent. is given for Loch Metfort male 
receptacles in J une, the part of the thallus immediately beneath the receptacles 
gives a value of 26·3 per cent.; some 3 per cent. higher than the value for 
sterile tips from the same plants. 
The results summarized in Table I are interesting to compare with the 
seasonal variation in the percentage dry weights of whole thalli of Fucus 
1 Complete tables of results of chemical analyses of material from both Loch Melfort and 
Cullipool are tabulated in thesis for Ph.D. degree (London) 1948. 
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402 Moss-Studies in the Genus Fucus. 11 
vesiculosus, recently published by Walker (1947). His plants were collected 
each month from Aird's Point near Port Appin, i.e. from the same locality as 
some gathered for the present investigation. He states that the percentage 
dry weight of 'Each species (i.e. Ascophyllum nodosum, Fucus serratus, Fucus 
vesiculosus, and Fucus spiralis) rises and falls twice each year. It will be recalled 
that the diatom cycle rises and falls twice each year'. The rise and fall twice 
each year is not so marked in Fucus vesiculosus as in Fucus spiralis. 
It was in June and August 1947 that fertile thalli of Fucus vesiculosus were 
collected from Aird's Point for the present investigation, and the dry weights 
of the receptacles were very low, approximately 10 per cent. As previously 
stated, the receptacles at this season constitute over half the total fresh weight 
of a thallus. Hence their effect would be to lower the percentage dry weight 
of a complete thallus, and it is the presence of mature receptacles on the thalli 
which accounts for the low values reported by Walker for July 1945 and 1946. 
For a previous investigation (Moss, 1948) Fucus vesiculosus had also been 
collected from Aird's Point in September 1946. At this season no fertile 
plants were found. Hence if thalli are devoid of fertile tips in autumn, it 
follows that percentage dry weights of complete thalli would be higher than 
when they are bearing swollen receptacles with high water content. It is at the 
non-fruiting period that Walker reports the highest percentage dry weights 
for 1946. Thus the seasonal variation in dry weights of complete thalli of 
Fucus vesiculosus from Aird's Point described by Walkercan be related to the 
reproductive cycle of that species. The relationship to the diatom cycle is 
obscure. 
Walker's figures for September and October are similar to those recorded 
for the same months for material collected at Cove and Stonehaven by Hen-
, drick (1898), 32·09 per cent. and 35·05 per cent. respectively. Butler (1931) 
gives the dry weight of Fucus vesiculosus collected from St. Andrews, New 
Brunswick, in June and July as 23·6 per cent. Unfortunately the period of 
reproduction in this locality is not given, but this value is much higher than 
that obtained by Walker for plants collected off the west coast of Argyllshire 
during the same months. 
It has been shown that a decrease in the water content of the tissues occurs 
from the apex to the base of a vegetative thallus of Fucus vesiculosus (Moss, 
1948). But nowhere in the sterilethalluswas there such a great difference in 
the water content as has now been shown to exist between the tissues of mature 
receptacles and sterile tips from the same plants. Moreover, at the same time 
water content is decreasing in certain tissues, as in the sterile tips during 
summer, in other parts of the thallus it may simultaneously be increasing, as 
during the maturation of receptacles. 
Percentage total ash 
The results recorded in Table II are for samples collected from Aird's 
Point, and very similar values were obtained for .material from both Loch 
Metfort and Cullipool. They show extremely high values for total ash, ranging 
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Moss-Studies in the Genus Fucus. li 
from I 5"6 per cent. for Loch Melfort sterile tips in August to 40"0 per cent. for 
receptacles from the same plants. A survey of the Iiterature shows that high 
values for the ash content of Fucus vesiculosus are reported elsewhere (pre-
sumably for complete thalli): 20·78 per cent. (Hendrick, 1898), 20·07 per cent. 
{Butler, 1931), 22·00 per cent. (Lunde, 1941). 
TABLE II 
Total Ash (expressed as Percentage Dry Wet;g'ht) 
Stage I, Stage II, 
Dec. June. 
{
Receptacles 25·5 35"5 
Below receptacles 19·5 
Sterile tips 23·5 18·6 
Male 
Fernale Below receptacles 20·7 
Stage 111, 
Aug. 
37"3 
{
Receptacles 25"5 35"5 
Sterile tips 23"5 18·9 18·o 
Sosa-Bourdouil (1940) found low percentages of ash in the gametes, 
8·5 per cent. in the antherozoids, and 5·4 per cent. in the ova on an anhydrous 
basis. Thus the high ash content of mature receptacles is not associated with 
the gametes but with the receptacular tissues. It is interesting to note that 
Dawson Turner (1809) says: 'In the islands of Jura the inhabitants dry their 
cheeses without salt, by covering them with the ashes of this plant which 
abounds with such quantities of salts, that from 5 ounces of the ashes may be 
procured 2! ounces of fixed alkaline salts.' The results here recorded in 
Table II on a dry weight basis show enormous differences between sterile and 
fertile tips in June and August, the fertile tips containing approximately twice 
the percentage of total ash as do the sterile tips from the same plants. 
Lapicque (1919) found that the percentage ash of Laminariafiexicaulis was 
high in winter and low in summer. Soluble carbohydrates were low in winter 
when ash was high, and high in summer when ash was low. Hence he said, 
'il est plausible qu'il s'agisse simplement d'une substitution isotonique'. 
Lapicque's calculations were on a dry-weight basis, and on a similar basis 
these results for Fucus vesiculosus show great variations during receptacle 
development, ash being low iri December samples and high in J une and 
August. But if calculations of the ash content are on a fresh-weight basis, then 
comparatively little variation takes place during receptacle development, 
graph II, Fig. 3· It is these calculations on a basis of fresh weight which are 
essential for a comparison of the chemical composition of the actual plants 
which are an~ysed. 
The percentage ash on an anhydrous basis shows as marked a variation in 
relation to receptacle development as do any of the organic constituents. As 
the water content increases with maturation of the receptacles, so does the 
ash content in relation to the increase of other constituents. 1 At the sametime 
the part of the thallus immediately below the mature receptacles has an ash 
content similar to that of the sterile tips. So that the high percentage ash on 
1 Since sending to press, it has been aacertained that this increase is mainly in wate~ 
soluble constituents, eapecially soluble chlorides. 
966-SS D d 
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Moss-Studies in the Genus Fucus. 11 
an anhydrous basis correlated with a high water content of the mature recep-
tacles is confined to the fruiting body and does not affect the thallus beneath 
it, from which it differs so much in anatomical organization. 
Percentage organic nitrogen 
The total organic nitrogen was determined by the standard Kjeldahl 
method, and the result multiplied by 6·25 gives the percentage crude protein. 
In Table III are the data obtained for samples from Aird's Point. Those 
from Loch Melfort and Cullipool show similar variations, although the values 
given for Loch Melfort (sheltered habitat) are always lower than those for 
corresponding samples from either of the other two localities. 
TABLE III 
Organic Nitrogen (expressed as Percentage Dry Weight) 
Stage I, Stage II, Stage III, 
Dec. June. Aug. 
{ Receptacles z·o8 1"39 o·88 
Male Below receptacles 1"47 
Sterile tips x·s8 1"72 o·8s 
{ R eceptacles z·o8 1·os o·63 
Fernale Belowreceptacles 1"04 
Sterile tips 1·58 1"70 0"93 
At each developmental sbge from either of the three habitats a higher per-
centage of organic nitrogen is present in the male than in the female receptacles. 
Sosa-Bourdouil (1940) found very high nitrogen content in the gametes of 
Fucus vesiculosus: 8·5 per cent. and 4"7 per cent. for antherozoids and ova 
respectively. The higher percentage of nitrogen in the male gametes may 
account for the slightly higher values always obtained for male receptacles. 
Between June and August the organic nitrogen content of all samples is 
halved. The value of taking both sterile and fertile tips from the same plants 
is here very apparent, for if only fertile tips had been collected, then one might 
conclude that the decrease from J une to August accompanied Iiberation of the 
gametes, especially as these have very high nitrogen content. But the parallel 
decrease in the organic nit~ogen content of sterile tips shows that in these 
parts of the thallus there is a seasonal variation in organic nitrogen content. 
It is high in winter and early summer with a rapid decline in late summer, a 
variation distinct from and not related to fruiting. lt is probably related to the 
supply of available nitrogen. 
The great variation in organic nitrogen found between similar samples of 
thalli collected in J une and August emphasizes the necessity of stating the time 
of collection of plants if analytical results are to have any scientific value. 
Different seasons of collecting probably account for the great differences for 
the organic nitrogen content of Fucus vesiculnsus reported: 2·47 per cent. 
(Hendrick, 1898), 2·43 percent. (Vincent, 1924), 2·29 per cent. (Barlow, 1911), 
1·61 per cent. (Wheeler and Hartwell, 1893), 1·37 per cent. (Butler, 1931). 
Butler's figures are for material collected from New Brunswick in July, and as 
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Moss-Studies in the Genus Fucus. 11 
they are presumably for complete plants, they cannot be directly compared 
with the present results. These show that organic nitrogen of mature recep-
tacles is low, so that during the period of fruiting the receptacles would lower 
the value obtained for a complete plant. 
Calculations on a fresh-weight basis show that when Fucus vesiculosus is 
fruiting there is always a higher percentage of protein in the vegetative tips of 
thalli than in the fertile tips of the same plants, graph 111, Fig. 3· The greatest 
difference occurs at maturation of the gametes, when there is three to four 
times as much protein in the sterile tips as in the receptacles. At the same 
season the region of thallus immediately beneath the receptacles gives a value 
intermediate between that of the receptacles,and the sterile tips. 
Percentage mannitol 
The data obtained for samples collected from Aird's Point are set out in 
Table IV. Material from Loch Metfort and Cullipool showed similar varia-
tions in mannitol content, although the values from both the sheltered and 
exposed habitat were slightly higher than those from Aird's Point. 
TABLE IV 
Mannitol (expressed as Percentage Dry Weight) 
Stage I, Stage II, Stage 111, 
Dec. June. Aug. 
{ Receptacles 8·65 5'55 5'46 
Male Below receptacles I 1'93 
Sterile tips 10'02 12'59 15'0 
{ Receptacles 8·65 5·~8 5'73 
Fernale Below recep.tacles 11'43 
Sterile tips 10'02 12'77 16'34 
These results, whether calculations are on dry or fresh weig4t basis, show 
that there is at all stages of receptacle development a lower percentage of 
mannitol in the receptacles than in the vegetative tips from the same thalli, the 
greatest difference occurring in August when most of the gametes have been 
shed. While calculations on an anhydrous basis show for August samples 
approximately a I : 3 ratio of percentage mannitol in receptacles to percentage 
mannitol in vegetative tips, calculations on a fresh weight basis give a ratio of 
I : 4 for the same samples. 
The percentage mannitol in the sterile tips increases from December to 
August, at the same time as it is decreasing in the receptacles (Fig. 4). This 
indicates that mannitol is not a storage material of either the ova or anthero-
zoids of Fucus vesiculosus. Mannitol is at its maximum when organic nitiogen 
is at its minimum. The region of thallus immediately below the mature 
receptacles in June has a lower percentage mannitol than the vegetative tips, 
but a much higher value than receptacles from the same tillilli. Thus the very 
Iow percentage of mannitol is located within the receptacle itself. The 
seasonal variation in the·mannitol content of the vegetative apices of'thalli of 
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Moss-Studies in the Genus Fucus. 1/ 
Fucru 'DUicu/osüs is similar to the seasonal variations hitherto recorded for 
species of Laminaria (Lunde, 1937; Dillon, 1940; Black, 194-B). 
Percentage alginic acid 
Table V records the alginic acid content of samples collected from Aird's 
Point. Similar variations were shown in material from both Loch Metfort 
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FJG. J. Variations in dry weight, total ash nnd protein content (express.ed as percentagefresh 
weight), of sterile and fertile tips of female thalli of Fucus vesiculosus from Cullipool. 
and Cullipool. although sterile tips of plants from the sheltered locality (Loch 
Melfort) always gave lower results than those from habitats with moderate or 
strong exposure to wave action. 
Estimations of the alginic acid content of various species have been 
determined, and in species of Laminaria it has been demonstrated that a 
seasonal variation in alginic acid occurs (Lunde, 1937; Dillon, 1943; Black, 
194-B). These investigators report that the maximum percentage of alginic 
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Moss-Studies in the Genus Fucus. II 
TABLE V 
Alginic Acid (expressed as Percentage Dry Weight) 
Stage I, Stage li, 
Dec. June. 
{
Receptacles 26·99 18·53 
Below receptacles 17·12 
Sterile tips 29·38 18·39 
Male 
Fernale Below receptacles 16·46 
+07 . 
StageJII, 
Aug. 
19.32 
17"53 
{
Receptacles 26·99 18·o1 
Sterile tips 29·38 18·28 17·42 
acid in Laminaria is reached in spring. In samples of Fucus vesiculosus 
analysed a much higher percentage of alginic acid has been found in the 
vegetative tips of thalli in December than in either J une or August. These 
December figures, 27·2 and 29·8 per cent. for Cullipool and Aird's Point 
respectively, are much higher than Lunde's figure previously given for Fucus 
vesiculosus ( 19 per cent. ). This is presumably for complete plants, but previous 
results (Moss, 1948) have shown that there is a much higher percentage of 
alginic acid in the young vegetative tips than in other regions of the thallus of 
Fucus vesiculosus. 
The greatest proportion of alginic acid is found in the sterile tips when ash 
and mannitol are lowest. The samples of thallus taken below the mature 
receptacles have a similar alginic acid content to sterile tips from the same 
thalli. Hence as noted previously for mannitol, the lower percentage alginic 
acid on fresh weight basis is confined to the fruiting body and does not affect 
the thallus immediately beneath it. 
Fig. 4 shows the variation in alginic acid content of tips of thalli from Culli-
pool, calculated on fresh weight basis. In December the young receptacles 
have a lower percentage alginic acid than have the vegetative tips at the same 
season, and this decreases rapidly as the receptacles mature1 and falls still 
farther when most of the gametes have been shed. 
Unestimated residue 
Although there are great variations in the chemical composition of sterile 
and fertile tips of the thalli collected at the same season, yet the total estimated 
substances in the present investigation account for similar percentages of the 
dried samples of both. In June and August samples 55-6o per cent. of the 
dried weed has been estimated, whereas the same methods account for 65 per 
cent. of the dried weed collected in December. This shows that in all samples 
there is a residue of 3o-4o per cent. of the dried weed to be estimated. Pre-
liminary analyses show that Iaminario and fats constitute some of this residue. 1 
The doubling of the ash content during development of receptacles ( on dry 
weight basis) is an interesting phenomenon, and an analysis of this ash would 
yield information as to the nature of this mineral accumulation associated with 
reproduction in Fucus vesiculosus. 
1 It has since been found that both laminarin and ether-soluble materials decrease during 
development of receptacles, so that less than 2 per cent. of each were found in mature re-
ceptacles from all habitats, on dry weight baais. 
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GENERAL CONSIDERATIONS 
The anatomical structure and chemical composition of the receptacles of 
Fuius. vesiculosus have been found tobe very similar in the three contrasring 
habitats selected, whereas the vegetative thalli exhibited marked differences 
(M~, 1948). The sterile tips which were collected for this investigation show 
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FIG. 4- Variations in mannitol and alginic acid content (expressed as percentage fresh 
weight) of sterile and fertile tips of female thal.li of Fucus vesiculosus from Cullipool. 
a much higher percentage of alginic acid in plants from the open sea than from 
the sheltered loch. 
At the initiation of a receptacle there is a change in the metabolism of the 
sterile tip correlated with the anatomical changes which are also taking place. 
Fucus vesiculosus is dioecious; water, ash, mannitol, and alginic acid content 
of plants of both sexes are similar, but organic nitrogen is slightly but con-
sistently higher in male than in female receptacles. 
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Moss-Studies in the Genus Fucus. II 
Analyses of sterile tips taken from the same thalli as receptacles show that 
seasonal variations in chemical composition occur, differing from and even 
varying in the opposite direction from those connected with reproduction. 
Mannitol, for example, has a low value in December, reaching a maximum 
during late summer. In contrast, in the receptacles, mannitol is lowest in late 
summer. Since the receptacles may form more than half the fresh weight of 
a plant, this emphasizes the importance of considering the growth and repro-
. ductive cycle in connexion with variations in chemical composition of whole 
thalli of seaweeds throughout the year; an aspect hitherto ignore~ amongst 
the vast Iiterature on the chemical composition of seaweeds. 
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SUMMARY 
Stages in the development of receptacles of Fucus vesiculosus have been 
collected from three contrasting habitats off the west coast of Argyllshire, for 
a study of their anatomical structure and chemical composition. 
No marked differences in development, anatomicalstructure, and chemical 
composition have been found in receptacles from these three contrasting 
habitat8. They are temporary structures concemed with the period of rep'ro-
duction. It is in the perennial vegetative parts of the plant that the contrasring 
environmental conditions of sheltered loch and open sea had more pronounced 
effects, both upon anatomical structure and chemical composition. 
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